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1, bottom); the chinmo-independent 
mechanism regulating this transition 
is unknown.
The work of Zhu et al. (2006) pro-
vides important new insights into the 
specification  of  temporal  identity  in 
the  Drosophila  neuroblast  lineage. 
But  there  are  still  many  questions 
that need to be answered before we 
fully understand  the mechanisms of 
temporal identity in fly development.
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In this issue of Cell, Hsu et al. (2006) report on the binding activity of a variant of the bacte-
rial transcriptional specificity factor sigma (σ) to promoter DNA. This study demonstrates 
that the σ variant induces a large distortion in the transcriptional start site in the absence of 
core RNA polymerase, raising intriguing new questions about the roles of σ and core RNA 
polymerase in transcription initiation.Transcription  begins  when  RNA 
polymerases (RNAP) recognize spe-
cific  promoter  sequences  in  dou-
ble-stranded  (ds)  DNA.  In  bacteria, 
binding  of  the  RNAP  holoenzyme 
(holoE)—which  consists  of  the  core 
subunits  α2ββ′ω  and  a  σ  factor—to 
promoter  DNA  triggers  a  series  of 
conformational  changes  that  desta-
bilize the DNA duplex. As a result, the 
template  and  nontemplate  strands 
unwind  and  separate  from  the  −10 
region  to  just  beyond  the  start  site 
at +1 (Helmann and deHaseth, 1999; 
Kontur  et  al.,  2006).  Although  core 
RNAP has a high affinity  for  single-
stranded (ss) DNA and progressively 
separates the DNA strands in front of 
the active site during elongation, this 
subunit assembly cannot open DNA 
and  initiate  transcription  from  intact 256  Cell 127, October 20, 2006 ©2006 Eduplex  DNA.  The  ability  to  “melt” 
DNA during transcription initiation is 
conferred by “housekeeping” σ spe-
cificity  subunits  (σ70  in  Escherichia 
coli, σA in Bacillus subtilis), which by 
themselves cannot bind to either ds 
or  ssDNA due  to  the presence of  a 
negatively  charged  autoinhibitory 
domain  (region  1.1;  Helmann  and 
deHaseth,  1999).  The  interaction 
between  core  RNAP  and  σ  allows 
promoter recognition, opening of the 
start  site,  and  subsequent  initiation 
of transcription. In this issue of Cell, 
Hsu et al.  (2006) add a  twist  to our 
current  understanding  of  transcrip-
tion  initiation  by  demonstrating  that 
a truncated σA variant can recognize 
and  alter  the  conformation  of  the 
start site region of promoter DNA in 
the absence of core RNAP.lsevier Inc.Hsu et al. (2006) report that when 
region 1.1 of B. subtilis σA is deleted, 
this  σ  variant  (termed  SND100-σA) 
binds both specifically and nonspe-
cifically  to a DNA fragment contain-
ing a promoter sequence. To detect 
DNA  opening  in  these  complexes, 
the authors exploit the use of potas-
sium permanganate (KMnO4), which 
preferentially  oxidizes  exposed, 
unstacked  thymines.  The  specific 
binding  between  SND100-σA  and 
promoter DNA gives  rise  to marked 
KMnO4 reactivity even on linear DNA 
fragments.  Unlike  a  similarly  trun-
cated  E. coli  σ70  variant  (Young  et 
al.,  2004),  the  SND100-σA  bacterial 
mutant does not require association 
with core RNAP or negatively super-
coiled, underwound DNA to achieve 
this effect (Hsu et al., 2006).
Are  regions  of  DNA  in 
SND100-σA  promoter  com-
plexes  open  (e.g.,  unwound, 
unpaired) or  locally distorted 
(e.g.,  bent  or  base  flipped)? 
Although  KMnO4  has  been 
commonly used  to probe  for 
single-stranded  thymines  in 
holoE-promoter  complexes, 
KMnO4  oxidation  also  can 
result  from  changes  in  DNA 
structure  that  affect  base 
stacking  but  do  not  disrupt 
base  pairing.  For  example, 
proteins  involved  in  deter-
mining  the  origin  of  DNA 
replication  induce  localized 
DNA  distortions,  giving  rise 
to  KMnO4-reactive  thymines, 
but  do  not  themselves  melt 
DNA (Bochkarev et al., 1998).
In holoE, conserved region 
2  of  the  σ  factor  lies  at  the 
upstream  entrance  of  the 
active  site  channel  of  RNAP 
formed  by  the  apposition  of 
the β and β′ subunits. Impor-
tantly,  the  trajectory  of  DNA 
set  at  −35  and  the  σ/core 
RNAP  architecture  require 
that  the  DNA  bends  sharply 
at approximately −10 to enter 
the  channel  (Murakami  and 
Darst,  2003;  Saecker  et  al., 
2002; Vassylyev et al., 2002). 
Possibly  the  KMnO4  reactiv-
ity  in  SND100-σA/promoter 
complexes  reflects  a  DNA 
bend  induced  by  binding  of 
region  2.  In  this  sense,  Hsu 
et  al.  (2006)  may  be  detect-
ing a key event prior  to DNA 
opening.
In  the  absence  of  direct 
mechanistic  evidence  and 
high-resolution  structures  of  tran-
scription  intermediates,  several 
models  of  DNA  opening  by  holoE 
have been proposed (Figure 1). Most 
recent  models  focus  on  the  role  of 
disruptions  to  helix  stability  caused 
either by active bending and distor-
tion of the DNA by holoE or by exploit-
ing  transient,  intrinsic  “breathing” 
modes  of  dsDNA.  By  analogy  with 
structures  of  DNA  repair  enzymes 
bound to their damaged targets, one 
proposal posits that binding interac-figure 1. Proposed conformational changes in Pro-
moter DnA during Transcription Initiation
A  series  of  conformational  changes  in  promoter  DNA  that 
may  be  involved  in  opening  the  transcription  start  site  in 
the active site channel of RNA polymerase (σ and core RNA 
polymerase  not  shown).  In  the  first  intermediate  (I1),  DNA 
bends sharply at −11/−12, placing the start site in the chan-
nel. During conversion of  I1  to  the second  intermediate  (I2), 
we propose that DNA opening is nucleated by base flipping 
and capture of −11A by σ  region 2. This  step may  involve 
unwinding (but not unpairing) one helical turn to +1 (I2, left). 
Alternatively, base flipping in this step may involve unpairing 
the −10  region, which  forms  the upstream half of  the  tran-
scription bubble (I2, right). In either case, the conversion of I2 
to the RNA polymerase open complex completes the proc-
ess by unpairing the strands at +1 and placing the template 
base in the active site. The relationship between these inter-
mediates formed by holoE- and σ-promoter-DNA complexes 
remains to be determined.tions with RNAP flip the base at −11 
on the nontemplate strand out of the 
DNA helix (Heyduk et al., 2006; Tom-
sic et al., 2001). This extrusion desta-
bilizes  the duplex, creating a  locally 
unwound, unpaired −10 region, which 
can be stabilized by interactions with 
aromatic  amino  acids  in  region  2 
of  σ  (Fenton  et  al.,  2000;  Helmann 
and  deHaseth,  1999).  Alternatively, 
structures  of  holoE  have  prompted 
proposals  that  the  observed  nar-
row  channel  width  (?15  Å)  acts  as Cell 127, October 2a  barrier  to  dsDNA  but  per-
mits  entry  of  the  template 
single  strand  (Murakami  and 
Darst, 2003; Vassylyev et al., 
2002).  This  model  proposes 
that DNA opening occurs by 
transient  opening  of  the  −10 
AT-rich  region outside of  the 
active channel and capture of 
single-strand bases by region 
2 of σ.  In both models, melt-
ing is initiated by interactions 
with σ at the upstream end of 
the  bubble  and  propagates 
downstream  to  +1.  This  is 
consistent  with  observa-
tions of promoter complexes 
where KMnO4-reactive bases 
proceed  from  the −10  region 
to the start site (Helmann and 
deHaseth, 1999).
Determining  the  mecha-
nism  of  DNA  opening  and 
other conformational changes 
by either σ or holoE requires 
kinetic  studies  together  with 
spectroscopic,  structural, 
and/or  single molecule  anal-
ysis  of  intermediates.  For 
holoE-promoter  interactions 
in  E. coli,  the  mechanism 
of  open  complex  formation 
involves three steps with two 
kinetically  significant  inter-
mediates  (generically  termed 
I1, I2), which precede the final 
open  complex.  The  rate-
determining  slow  conforma-
tional  change  occurs  in  the 
conversion of I1 to I2. In I1, DNA 
from  −10  to  +25  is  already 
in  the  active  site  channel  of 
RNAP  at  the  λPR  promoter 
but  is  not  KMnO4  reactive 
(Saecker et al., 2002). These results  alone  appear  to  rule  out  a 
general  requirement  for  DNA  melt-
ing to occur outside the channel. The 
intermediate  I2  is  highly  transient. 
Indeed, characterization of  I2  at any 
promoter is in its infancy. A plausible 
model  is  that  opening  is  nucleated 
by formation of the bend at −11 in I1. 
Figure 1 depicts  two possible mod-
els  for  how  opening  is  propagated. 
As  yet  there  is  little  direct  evidence 
to distinguish between either model 
of I2. Recent progress has been rapid 0, 2006 ©2006 Elsevier Inc.  257
as many different  research groups 
focus on  these  fundamental  ques-
tions in transcription initiation. Past 
success  from  intensive  efforts  in 
the  field  suggests  that  new  and 
probably  surprising  answers  will 
arrive soon.
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Our ears extract information about 
the loudness, pitch, and timing of 
sounds over a billion-fold range of 
intensities—from the din of a rock 
concert  to  whispers  so  faint  that 
they  are  barely  discernable  from 
the  background  noise  caused  by 
random collisions of air molecules 
with  the  eardrum.  To  cope  with 
this  enormous  dynamic  range, 
the  sensory  cells  in  the  cochlea 
of  the  inner ear use finely-graded 
changes  in  membrane  potential 
(Vm)  rather  than all-or-none nerve 
impulses  to  encode  sounds.  This 
strategy  greatly  increases  the 
amount  of  information  that  can 
be  encoded  in Vm  but  also  poses 
a serious challenge for the output 
synapses of the inner hair cells. In 
this issue, Roux et al. (2006) report 
the  molecular  identity  of  the  key 
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The  common  information  cur-
rency  of  the  nervous  system  is 
the  nerve  impulse,  a  self-amplify-
ing  change  in  Vm  that  propagates 
along an axon. Nerve impulses are 
the  fundamental  signaling  units  in 
all animals  large enough to require 
them, but they come at a price. To 
propagate without decrement, nerve 
impulses  must  be  discrete,  all-or-
none events, usually separated by a 
millisecond or longer. This restricts 
the possible Vm(t) waveforms that a 
sensory  cell  can  produce,  thereby 
reducing  its  capacity  to  encode 
information in Vm. The only informa-
tion  contained  in  a  train  of  nerve 
impulses  is  the set of event  times. 
A neuron that abstains from making 
afness
eafness, but the mechanism 
toferlin interacts with SNARE 
ells to trigger exocytosis of 
